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SUMMARY 
Eighty six male rats were divided into three groups and after 26 days of the 
treatment，the activity of adrenal cortex was compared between each group; N o. 1， 
control; No. 2，treated with 2 atmospheric pressures under the environment of air 
saturated with oxygen; No. 3，treated with 2 atmospheric pressures of air. 
It was observed that the activity of adrenal cortex of groups N o. 2 and N o. 3 
was higher than that of group No. 1. The followings were assayed as markers of 
the activity; (a) incorporation of 1311-19-iodocholesterol into adrenal cortex injected 
7 days before the sacrifice of rats，(b) the ratio of the weight of adrenal gland to 
the body weight，(c) the concentration of corticosterone in blood plasma and (d) 
enzymatic activities in adrenal cortex of freshly removed adrenal gland (histochemical 
observation) . 
The higher pressure treatment (2 atmospheric pressures，90 minJday for 3.9 months 
on an average) made it possible to release from the substitution corticoid・dependency 
in five patients with rheumatoid arthritis，from whom it had been impossible to 
withdraw steroids by any therapeutics. The same. treatment was also effective in 
adrenal insu茄 ciencyresulting from the removal of left adrenal adenoma in a case 
of Cushing's syndrome. 
of serious operations. The principle of steroids 
INTRODUCTION 
administration is that unphysiological increase of 
Administration of adrenal cortex hormones has the concentration of steroids in blood by admi-
been applied for substitution therapy in acute nistration of a large dose of cortisol will repress 
and chronic adrenal insufficiency that occurs in the normal tissue reaction and consequently may 
the cases，for example，of Addison's disease，and be effective clinicall y. The method has been 
of the Simmond's disease. Recently，steroids ad司 successful in many examples，but in some cases， 
ministration has been also applied in such cases as it has been difficult to withdraw steroids admin-
collagen disease，some disorders of blood forming istered massively. Administration of ACTH is 
organs，serious infectious disease and at the time effective to prevent iatrogenic adrenal insu伍.
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ciency inducecl as the result of steroicls accumu・ 
lation，onlyもvhenpituitary gland is more actively 
functioning than adrenal cortex. Even in such 
a case，repeated administration of ACTH some-
times reduces the activity of pituitary gland and 
in extreme cases， itresults in di田 cultyof with-
drawal of ACTH itself. 
We have been examining the e町 ectof high 
pressure on release of steroids-clεpendency and 
it has been shown that this new method is ef~ 
fective both in basic and clinical experiments. 
MATERJALS AND METHODS 
ln the experiment N o. 1，86 male rats of Wistar 
strain were used. The mean body weight was 
276 g with a range of 256 to 332 g at the 
time of sacrifice. Rats were divided into three 
groups，38 rats were in the No. 1 group (cont~ 
rol)，27 rats in the No. 2 group (treated with 2 
atmospheric pressure under the environment of 
air saturated with oxygen) and 31 rats in the 
No. 3 group (treated with 2 atmospheric pres・ 
sures of air). High pressure treatment was 1・ e~ 
peated fo1' 26 successive days，90 mil1utes daily. 
Rats were fed a normal diet，Oriental M，with 
water ad libitum. Constant temperature (220 C) 
ancl constant relative humidity (70%) were main~ 
tained. On the 16th day，each rat was injected 
1-19-iodocholesterol through the tail vein 1I1: with 
and it was sacrificed on the 26th day. 
The amounts of serum electrolytes were as~ 
sayed by the flamespectrophotometer and the 
concentration of corticosterone was determined 
by the method of Van der Vies (1961)1). A pair 
of adrenal glancl was removecl ancl weighed. The 
radioactivity of iodine taggecl cholesterol in the 
removecl glancl was determinecl ancl histochemical 
activity of glucose-6-phosphate dehydrogenase 
(G-6-P DH) was studiecl using the 10 ml of 0.05 
mole phosphate bu町 er，pH 7.0 in the presence of 
7.7 mg of NADP， 10 mg of NBT and 152 mg of 
G-6-P. Pathological analysis was also carriecl 
out. The detailecl methocl of histochemical a-
nalysis was clescribed previously (Nakada et al 
1970)1). 
1n the experiment No. 2， 30 male rats of the 
Wistar strain，weighing 220-286 g (the average was 
254 g) were devided into three groups (each 10 
rat) and treated in the same way as described 
above. After 26 days of the treatment， the sys~ 
tolic blood pressure was determined by the ple~ 
thysmographic tail method described previously 
(Nakada， Momose and Yoshida， 1970)3) and 
plasma renin activity (PRA) was measured by 
radioimm unoassay 
RESULTS 
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The results of Exp. No. 1 with 86 rats are 
summarized as follows. 
(1) The weight of adrenal gla吋. 
The average weight of adrenal glancl of rats 
of groups No. 2 and No. 3 was heavier (Fig. 1) 
and its ratio to the body weight was higher (Fig. 
2) than that of rats of group No. 1 in all three 
experimel1ts. Rats of No. 2 and No. 3 groups 
did not have any difference in the weight of 
adrenal glal1d (pく 0.05). 
(2) 111corporatiol1 of 1311ー 19-iodocholesterolin to 
adrenal cortex. 
The specific activity (countsfmg of adrenal 
cortex) of 1311-19-iodocholesterol 01 the adrenal 
cortex did not show any significant difference 
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Fig. 1. The mean adrenal weight土 standard 
error was heavier in HBO treated rats 
than in control rats in all of three ex~ 
penments. 
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Fig. 4. Incorporation of 1311-19-iodocholesterol 
into adrenal cortex (total counts in each 
adrenal cortex) was higher in HBO 
treated rats than in control rats with 
one exception in experiment 2. 
Fig. 5. 
μ9 I IOOml plasma 
plasma ∞n偲 nt悶 tionof ∞rticosterone 
The average concentration of plasma 
corticosterone in blood collected at 3p. 
m. (shown as a bar in each line) was 
higher (pく 0.05) iri HBO treated rats 
(groups No. 2 and 3) than in control 
rats (group No. 1). The di町 erencebe-
tween group No. 2 and No. 3 was not 
signi日 cant(pく 0.05). 
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control rats. Fig. 6. In the first experiment shown here， the 
di町 erence between HBO treated and 
control rats of the concentration of Na+ 
g g 至 。 ♀  
Radioactivity of Iヨ1-19-lod∞holesterol	 and K + in serum was not signi自 cant 
in rat adrenal treated with H 80 	
(pく 0.05).
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between the rats of three groups (Fig. 3). The 
total radioactivity in the adrenal cortex on an 
average， however， was higher in rats treated 
with the high pressure than in control rats with 
one exception of group N o. 2 in the second ex-
periment (Fig. 4). 
(3) The concentration of corticosterone in plas・ 
ロla.
The concentration of corticosterone in plasma 
of blood obtained at about 3 p.m. is shown in 
Fig. 5. It is significantly higher (pく 0.05)in the 
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Fig. 7. In the second experiment shown here， 
the concentration of K + in serum was 
higher in rats of group No. 3. 
high pressure treated rats than in the control 
rats and there is no significant difference betwe-
en rats in group No. 2 and No. 3 (pく 0.05). 
(4) The amount of serum electrolytes. 
In the first experiment， no significant differ-
ence (pく 0.05)was observed between the amounts 
of Na+ and K+ in serum on an average between 
the control and hyperbaric oxygenation treated 
rats (Fig. 6). In the second experiment， 
however，the mean amounts of Na+ and Cl-in 
serum of rats of group No. 2 were lower (p< 
Table 1. Glucose-6-phosphate dehydrogenase 
activity in the zona fasciculata and 
zona reticularis. 
Dac etgIV ree of enzymatic 
ltyExperimental procedures 
+ 十+ 
3 
1st experiment 
I. 7 
311. 7 
2I. 16 
4I. 52nd experiment 
II1. 7 4 
3I. 7 
4II. 43rd experiment 
7III. 3 
No. of rats 
I. No compression 
II. Oxygen saturation with 2 atmospheric 
pressures of air 
III. 2 atmospheric pressures of air 
Fig. 8. G-6-P DH activity of the bundle-1ayer 
of adrenal cortex was stimulated in 
HBO treated rats as can be seen here. 
0.05) than those of groups No. 1 and No. 3， and 
the amount of K + inserum of rats of group No. 
3 was higher (pく 0.05)than that of grou ps N o. 1 
and No. 2 (Fig. 7). It was concluded that the 
high pressure treatment both with oxygen and 
air， 90 minutes daily for successive days did not 
alter the amounts of Na+， K+ and Cl-in a re-
producib1e way. 
(5) G-6-P DH. activity of bund1e四 andreticu-
lar-1a yers of adrenal cortex. 
In the first experiment，G-6-P DH. activity in 
adrenal cortex was the same in the rats of three 
groups. In the second experiment， however， 
only 12.5% of the samples of the group No. 1 
showed increased enzymatic activity， while 55.6 
% and 36.4% showed stimulation in the case of 
the groups No. 2 and No. 3 respectively. In the 
third experiment， the same kind of results with 
that in the second experiment was obtained，that 
is，50% and 70% of the samp1es of the groups 
No. 2 and No. 3 showed stimulation of the en-
Table 2. Blood pressure change of rats 
treated with HBO. 
Ex perimen tal 
N 0 com pression 10 114土 6 
Oxygen satura日 onwith 
10 110土 8 
of air 
2 atmospheric pressures 10 116 :!: 2of air 
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Tab1e 3. Variations of p1asma 1' enin activity and angiotensin 1 t1' eated with HBO. 
Experimenta1 procedures PRA (ng/ml/h.) Angiotensin 1 (pq/ml) 
No compression 1. 90 :t 0.1 6.30 :t 1. 08 
Oxygen. saturation with 2 atmospheric 1. 83士 0.2 5.80 :t 0.22 p1' essures 
2 atmosphe1' ic pressures of air 1. 31 :t 0.48 5.80 :t 1. 10 
zymatic activity. These a1' e higher than that of 
the cont1' o1 group as shown in Tab1e 1 and Fig. 8. 
The resu1ts of Exp. No. 2 with 30 rats are 
summarized be1ow. 
(6) Systolic b100d pressure. 
As shown in Tab1e 2， no significant diffe1' ence 
was observed in systo1ic b100d pressu1' e among 
th1' ee g1' oups (pく 0.05). 
(7) PRA and angiotensin 1. 
The concentration of p1asma angiotensin 1 on 
an ave1' age was the same between three g1' oups 
(pく 0.05). PRA of group No. 1 and No. 2 was 
the same (pく 0.05)while it was 10we1' in group 
No. 3 than in group No. 1 (p<0.05) as p1' esented 
in Tab1e 3. 
CLlNICAL EXPERIENCES 
We applied the high pressu1' e t1' eatment to 6 
patients， of whom 5 weve rheumatic arthritis 
and 1 Cushins's syndrome (Tab1e 4). Among 5 
patients of 1' heumatic a1' th1' itis， 2 we1' e men and 
3 we1' e women， f1' om 37 to 60 yea1' s old (on an 
ave1' age， 48 yea1' s old) when they we1' e fi1' st ex-
amined. Acco1' ding to the standa1' d classification 
by Ame1' ican Rheumatic Association， 2 we1' e defi-
(mean :t S. E.) 
nite and 3 were classica1 1' heumatic a1' th1' itis. On 
an ave1' age， they had been suffering f1' om it fo1' 
9.1 yea1' s. They we1' e t1' eated with high p1' essu1' e 
fo1' 90 minutes a day， 6 days a week fo1' 3-5 
months (3.9 months on an ave1' age). After the 
t1' eatment， withdrawal of ste1' oids administered 
fo1' a 10ng term was successful. 1n the patient 
No. 1， 40-60 mg of hydrocortisone a day and 
3.75 mg of p1' edniso1one a day had been admin-
istered pe1' iodically for about th1' ee years. 1n 
the patient No. 2， 3.75 mg of prednisolone a day 
had been administered for 5 and a half years. 
1. 2-2 mg of betamethasone a day had been ad-
ministe1' ed for about 5 yea1' s together with an 
enxyme-antiphlogistica alternatiuely in the pa-
tient No. 3. The patient No. 4 had been admin-
istered with the same amount of betamethasone 
when the other antiphlogistica had not been ef-
fective for 4 years and 8 months. 1n the patient 
No. 5， 2 mg of betamethasone a day had been 
given for a long time (unknown period). The 
patient N o. 6， a 48-year-old woman， suffering 
f1' om Cushing's syndrome because of left adrenal 
cortex adenoma， had originally been misdiagno・ 
sed as having adrenocortical hyperplasia and 
received a la1' ge dose of roentgen irradiation to 
Tab1e 4. Ste1' oid withdrawal instances treated with HBO 
ふ
仏
一一aab TN a m e
N ，--Agとが Sex ， Disease ， Prese山 gfeatur叶 T 1'eatedperiods with HBO 
4M.Definite RA 10 y. 1. M. M. 37 F 
31¥ιDefinite RA 8 y. 2. T. K. 60 M 
5.3M.Classical RA 10 y. 3. A. N. 52 F 
4M.C1assica1 RA 10.3 y.40 F4. S. A. 
Classical RA 3M.5. T. M. 51 M 7 y. 
骨 Cushing'sSynd. 5 y. 7 M (incompletel improved) 6. H. O. 48 F 
勢 Cushing'ssynd1' ome with adrenal adenoma 1. 
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the pituitary gland， withd1' awal of maintenance 
dose of co1' ticoid had been difficu1t after the 
operation to 1' emove the adenoma. ln the 1ast 
case， 40 mg of hyd1' ocortisone a day had to be 
administe1' ed even after 2 months of the oper・ 
ation， because administ1' ation of a smaller dose 
of the ste1' oid caused illness 1ike ad1' enal insu伍. 
ciency such as a 10ss of appetite， vomiting， py-
1' exia and a lower blood pressu1' e. Administ1' ation 
of ACTH Z， 0.5 mg a day fo1' 13 successive days 
had been uneffective to release f1' om ste1' oid de-
pendency. The high pressure t1' eatment for 7 
months in our clinical institute， lowe1' ed the level 
of requi1' ement for hyd1' ocortisone to 5mg a day 
and made ACTH test slightly positive. (Admin-
istration of 0.5 mg of ACTH Z raised the a-
mount of 17 KS in urine from 0.99 mg to 1. 48 
mg a day). She is now being treated with the 
high pressure twice a week. 
DISCUSSION 
lt is well known that when a body is stimu-
lated， the function of not only adrena1 medulla 
but also adrenal cortex is activated， resulting in 
increase of secretion of adrenal cortex hormones 
to protect the life. U nder such a condition， it
has been supposed that the hypothalamus recog-
nizes stimuli and activates the anterior hypophy-
sis-adrenal cortex system through the mediation 
of the corticotrophin-releasing factor. 
It has been known that hypoxia stimu1ates 
adrenal cortex but little is known about the 
change of activity of adrena1 cortex when a man 
or an animal is treated with a high pressure. 
There are three methods to make a high ox-
ygen pressure; (1) the air is compressed to 2 at-
mospheric pressures， where the partia1 pressure 
of oxygen is 0.4138 atmospheric pressures， (2) 
in addition to the air in a tank， oxygen is satu-
rated resu1ting in the partia1 pressure of oxygen 
to be 1. 2069 atmospheric pressures and (3) after 
partia1 removal of the air in a tank by a suction 
pump， itis filled up to 2 atmospheric pressures 
only with oxygen， making the partia1 pressure 
of oxygen to 1. 6035 atmospheric p1' essu1' es. lt 
can be calculated that in order to make the par-
tial pressure of oxygen to 1. 6035 atmospheric 
pressures by the method N o. 2， the tota1 pres-
sure must be 2.4 atmospheric pressures. Although 
the method No. 3 is most effective for elevation 
of the partial pressure of oxygen， exposure of a 
body under this condition is not desirab1e phys-
io1ogically because it may induce respiratory 
a1kalosis. ln the experiments reported in this 
paper， high pressu1' e was made by the methods 
No. 2 and No. 3 described above and positive 
effect was observed on activation of the function 
of adrena1 cortex. High pressure treatment re-
su1ted in increase of weight of adrena1 gland and 
of ratio of it to body weight (pく 0.05). 
As is well known， 1311-19-iodocholesterol is 
incorporated into adrenal cortex (Lieberman， 
Beierwa1tes， et al. 1971).4) The incorporation 
(cpmjmg weight of adrena1 cortex) was the same 
in the contro1 and high pressure treated rats. 
However， as the adrena1 weight of the treated 
rats was heavier than that of the contro1 rats， 
the tota1 uptake of iodine tagged cho1estero1 into 
the adrenal gland was higher in the treated rats. 
Pathologica1 observation of the removed adre-
na1 glands of high pressure treated rats revealed 
that there were two types of enlarged adrena1 
cortex; (1) in w hich the ratio of clear cells to 
compact cells was about the same as that of the 
control rats and (2) in which only compact cells 
were observed in enlarged adrenal cortex， be-
cause clear cells of outer la yers of adrenal cortex 
was replaced by compact cells. 
Although it has been reported that compact 
cells of adrenal cortex produce a much quantity 
of steroids (Symington 1969)，5) there were not so 
many examples of adrenal cortex of the type 
(2) described above in our experiments. G-6-P 
DH， which specifically 10ca1ized in rat and hu-
man adrena1 cortex， cata1izes in the pentose cycle 
the passway from G-6-P to 6-P-g1ucuronic acid. 
The 1atter Is then converted to ribose-5-P， which 
is reported to be invo1ved in RNA synthesis. G-
6-P DH is a NADP-dependent dehydrogenase 
369 Steroid withdrawal method by HBO 
and a donor-tetrazolium reductase. This enzym-
atic activity was shown to be high in steroids-
producing compact cells and so it can be a good 
histochemical marker for the function of adrenal 
cortex (Nakada et al. 1970).2) 1n this case， the 
histochemical change can be found earlier than 
the pathological change. G-6-P DH activity of 
the bundle-and reticularlayers of adrenal cortex 
was increased in pressure treated rats than in 
control. Histochemical observation confirmed 
that enhanced adrenocortical function was ob-
served in pressure咽 treatedrats. 
Daily changes of the level of corticosterone 
was reported in detail (Allen and Kenall， 1967)6) 
and Ramaley (1973)1) also studied its daily 
changes with preweanling rats， and reported that 
it was highest at 8 p. m. and 8 a. m. in male， 
decreasing in the afternoon to about 9μgjlOO ml 
plasma at 4 p. m. 
We analyzed the level of plasma corticosterone 
collecting at 3 p. m. The average value of the 
pressure-treated rats was significantly higher 
than that of the control rats (pく 0.05). There 
was 110 difference of the level between the groups 
No. 2 and No. 3. 1n the other examinations， 
also， there was little difference between the 
groups No. 2 and No. 3. 1t may be concluded 
that the partial pressure of oxygen itself is not 
directiy proportional to the function of adrenal 
cortex. Supply of oxygen to tissues depends on 
the partial pressure of oxygen. At日 rst， the blo-
od pressure of capillary is as high as that of 
artery but as oxygen di町 uses into surrounding 
tissues， the partial pressure of oxgeen decreases 
remarkably and oxygen released from hemoglo-
bin in erythrocyte is transfered into mitochondria 
in the cytoplasma， where respiration enzyme sys-
tems utilize oxygen to oxygenize substrates into 
H20 and CO2. The residual oxygen， which does 
not participate in this reaction， di町 usesfurther. 
1t is clear that the partial pressure of oxygen is 
lower in tissues further from artery. Theoreti-
cally， the partial pressure of oxygen is lowest in 
tissues in the side of vein most apart from the 
artery. There are so many factors， however， 
which affect the partial pressure of oxygen in 
capillaries is so com-1' 0tissues and localization 
plicated， with comparably big artery branches 
near from some of them， than it is hard to pre-
sume the partial pressure of oxygen in tissues 
from anatomical point of view. 
1n the experiments with rats， only little dif-
ference was observed between the control and 
pressure-treated rats in the potassium level of 
serum， PRA and plasma angiotensin 1 and blood 
pressure. These results suggest that high pres-
sure does not stimulate renin-angiotensin-aldo-
sterone system of rats. 
1t has been speculated that stressful stimuli 
like high pressure treatment affect the growth 
and sexual maturity of rat (Plaut and Gorta 
(1971).8) To diminish these effects， we used in 
our experiments matured male rats and tried to 
give a lowest stress to rats. Two atmospheric 
pressures， however， were found to stim ulate the 
activity of adrenal cortex in rats and patients. 
Two possible mechanisms for the stimulation can 
be speculated; direct stimulation on adrenal cor-
tex or indirect stimulation through ACTH. 
1t is well known that clinical treatment with 
corticoid is very effective for curing some kinds 
of disease. 1t was shown that only a single coト 
ticoid administration decreased the concentration 
of plasma cortisol even after 8 hours of the treat-
ment (Hender， 1967).9) Successive corticoid treat-
ments for a long term induce decrease of the lev-
el of plasma cortisol， atrophy of adrenal cortex， 
sensitiveness against pyrexia， anaesthesia and 
surgical operations and sometimes result in col-
lapse. A large dose of hydrocortisone is required 
to recover from collapse， which then makes it 
di伍 cultto diminish administration of corticoid 
(Robinson， Mattingly and Cope， 1962).10) 
El・ Shaboury(1966)11) reported that he failed to 
cure 17 asthma patients with ACTH， who had 
been administered prednisone 5-15 mgjday for 
5-86 months and suffering suppressed adrenal. 
Negative clinical results of ACTH treatment 
were also reported in the other paper (Cope， 
1966).12) ACTH treatment seems to be effective 
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only when pituitary function is superior，even 
transientl y，to adrenal cortex function. For ex-
ample，it may be effective to stimulate growth 
of accessory adrena1 g1and in the case of bilater-
ally adrena1ectomized patient (Orzeck，Ayres 
and Wa1zak，1970).13) As there has been no ef-
fective method to re1ease from ste1'oid depend-
ency as menthioned above，a good method has 
been expected fo1' a long time. High pressure 
treatment，having no side e町ect，is the best 
method to withdraw steroids effective1y and can 
be applied in many cases. ln the case of rheu-
matic patients，even rheumatic arthritis itse1f 
can be improved by high pressure treatment. 
Pituitary irradiation has been applied to Cushi-
ng's syndrome，resulting from hyperp1asia of ad-
rena1 cortex. But its e町ectis uncertain. Recent-
1y，pituitary irradiation with heavy particles is 
used，which is very effective for suppression of 
adrena1 cortex (Bennett，Cain， et al. 1973，14) 
Orth，and Lidd1e，1971).15) 
The patient No. 6 in our experiments had or-
iginally been misdiagnosed to be Cushin'gs synd・ 
rome due to hyperp1astic adrena1 cortex，and 
heavily irradiated on pituitary gland. By scinti1-
1ation scanning of adrenal g1ands，a picture of 
tumor was demonstrated above the 1eft kidney 
with a picture of right g1and comp1ete1y 1acking. 
Surgica1 operation removed cortica1 tumor of 
15 g，which occupied all over the left adrena1 
g1and. An adrena1 g1and，which was non-ade-
noma，was in active atrophy caused by hyper-
cortisolism induced by adenoma. lt is supposed 
that irradiation on pituitary g1and deepened a圃 
trophy. After the surgica1 remova1 of an ade-
noma，withdrawa1 of steroids had been quite 
di伍cult and ACTH administration had been 
uneffective. lt shou1d be noticed that high p1'es-
sure t1'eatment was to some extent effective on 
such a case. N ow，the patient is being admin-
istered with hydrocortisone， 5 mgfday and 
treated with high pressure twice a week. lt is 
not clear whether hydrocortisone is secreted 
from right adrenal (non-adenoma side)，from ac・ 
cesso1'y adrena1 gland or from both of them. 
要 t=-自
ステロイド投与が多くの疾患に有効であるのはもちろ
んであるが，その離脱が困難な場合も少くない。著者ら
は高圧酸素を用いた新しいステロイド離脱法を試み，臨
床的にきわめて有効な成績を得，基礎的実験でもそれを
うらづけるデータを得たのでその一部を述べた。 
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